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DESCRIPTION 

HUMAN IgM ANTIBODY INDUCING APOTOSIS IN HIV-INFECTED CELLS 

AND REMEDY FOR HIV- INFECTION 



The invention relates to a human IgM monoclonal 
antibody that specifically reacts with HIV-infected cells 
and induces apoptosis to the HIV-infected cells, and to a 
remedy for HIV- infection containing such antibody as an 
10 effective ingredient . 



Various agents such as reverse transcriptase inhibitors 
and proteinase inhibitors have been developed for the 

15 treatment of HV- infection. Multidrug therapy using three to 
four kinds of these agents together (so-called highly active 
antiretroviral therapy: HAART) have been effective for HIV- 
infection patients to enable the blood HIV concentration to 
be remarkably reduced and the number of CD4 lymphocytes to 

2 0 be improved. However, HAART has been unable to eliminate 
latently infected cells and to completely cure the HIV- 
infected patients. Consequently, it has been a problem that 
HIV is revitalized in the latently infected cells and 
proliferate when medication is suspended. 



5 



Technical Field 



Background Art 



25 



While it has been reported that immunological response 



to the HIV is sometimes efficiently induced by- 
intermittent ly repeating interruption and resuming of HAART, 
the method has not been recognized to be a reliable therapy. 
However, this result indicates the importance of the 
immunological response to HIV. 

While human monoclonal antibodies that specifically 
react with the HIV-infected cells have been prepared by 
humanizing antibodies by gene recombination, they are IgG 
type antibodies. While the IgG antibody is a neutralizing 
antibody that inhibits HIV infections, it cannot impair 
infected cells . 

While there are species -specific complement control 
membrane factors (such as DAF, decay accelerating factor; 
MCP, membrane cof actor protein; and HRF2 0, 2 0 kDa homologous 
restriction factor) on human cell membranes, they can induce 
no cytolysis reaction via complement reactions for 
preventing reactions among homologous human complements. 

On the other hand, it was found that IgM antibodies in 
human serum that react with the HIV-infected cells are able 
to yield the cytolysis reaction of the HIV-infected cells 
via the human complement by overcoming the complement 
control membrane factors . It was revealed that the IgM 
antibody can exhibit such action as described above against 
gangliosides such as GM2 and Gg4 whose expression is 
enhanced by HIV-inf ection (Japanese Patent Application Laid- 



Open No. 9-227409, page 2, paragraph [0009]). 

L55 has been reported as the human IgM monoclonal 
antibody against GM2 of the gangliosides , wherein L55 is 
produced by immortalizing human B lymphoblast strain with EB 
virus. The HIV-infected cells after treating with this 
human IgM monoclonal antibody have been found to yield 
cytolysis via a reaction with the human complement. However, 
since the L55 antibody is not specific to the HIV-infected 
cells, it may react with normal cells other than the HIV- 
infected cells. 

Disclosure of Invention 

An object of the invention is to provide a remedy for 
HIV-infected patients comprising human IgM antibody as an 
effective ingredient that specifically reacts with HIV- 
infected cells and induces apoptosis to the infected cells 
to lead the cells to destruction. 

To solve the above problem, a first aspect of the 
invention is to provide a monoclonal antigen belonging to 
human IgM that specifically recognizes the HIV-infected 
cells and induces apoptosis to the cells. 

A second aspect of the invention is to provide a remedy 
for HIV infection comprising human IgM antibody as an 
effective ingredient that specifically recognizes HIV- 
infected cells and induces apoptosis to the HIV-infected 



- 4 - 



cells . 

A third aspect of the invention is to provide the 
remedy according to the second aspect used for preventing 
onset of AIDS. 

5 A fourth aspect of the invention is to provide the 

human IgM monoclonal antibody according to any one of first 
to third aspects, wherein the human IgM monoclonal antibody 
that reacts with the HIV-infected cells is 2G9 antibody 
having a base sequence of the H- chain variable region 

10 represented by sequence number 1. 

A fifth aspect of the invention is to provide the human 
IgM monoclonal antibody according to any one of first to 
fourth aspects, wherein the human IgM monoclonal antibody 
that reacts with the HIV-infected cells is 2G9 antibody 

15 having a base sequence of the L-chain variable region 
represented by sequence number 2 . 



Brief Description of the Drawings 
Fig. 1 shows specificity of 2G9 antibody. 
20 The result of flow cytometory analysis shows that HIV- 

infected cells are stained with 2G9 antibodies while non- 
infected cells are not (PBMC: peripheral blood lymphocyte; 
IIIB, primary isolate and MN denote the names of HIV) . 

Fig. 2 shows that 2G9 antibodies also react with HIV 
25 latently infected cells. 
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OM10.1 cells that are latently infected cells react 
with 2G9 antibodies while they do not react with antibodies 
(0.50) against gpl20 as a membrane protein antigen against 
HIV. 

5 Fig. 3 shows apoptosis of HIV-infected cells with 2G9 

antibody. 

It shows that MOLT-4/IIIB cells infected with HIV is 
completely stained with an apoptosis detection reagent by 
TUNEL method after MOLT-4/IIIB cells are cultivated for 2 

10 days by adding 2G9 antibody to the culture in a 

concentration of 50 |ig/ml . Non- infected MOLT-4 cells are 
not affected at all. 

Fig. 4 shows apoptosis of HIV latently infected cells 
with 2G9 antibodies. 

15 It shows that when 2G9 antibody is added to HIV- 

infected OM10.1 cells in a concentration of 12.5 |ug/ml and 
the cells are cultivated for 2 days, the proportion of cells 
that react with Annexin V as an apoptosis detection reagent 
increases from 5.5% to 21.2% as compared with the proportion 

2 0 when no antibody is added. 

Fig. 5 schematically illustrates 2G9\x chain expression 
plasmid construct. 
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Best Mode for Carrying Out the Invention 
While the invention is described in detail with 



reference to examples, the technical scope of the invention 
is by no means restricted to these examples. 

For solving the problems above, the inventors of the 
invention immunized HIV-infected cells of a mouse (TC mouse: 
trans -chromosome mouse; prepared by Kirin Brewery Co., Ltd.) 
into which human immunoglobulin gene -containing chromosomes 
had been introduced, and obtained a mouse that produces 
human antibodies that specifically react with HIV-infected 
cells. Hybridomas were prepared by a conventional method by 
allowing spleen cells of immunized mouse to fuse with mouse 
myeloma cell strain. Clones that produce monoclonal 
antibodies that react with HIV infection cells are selected 
from the hybridomas obtained, and the selected hybridomas 
were named as 2G9 cell strain. A 2G9 antibody that is a 
monoclonal antibody produced by 2G9 cell strain is a human 
IgM monoclonal antibody comprising human |a- chain and human 
K-chain. While the 2G9 antibody specifically reacts with 
HIV-infected cells, it can also reacts with latently 
infected cell strain OM10.1. The invention have been 
completed by confirming that these cells are destroyed by 
inducing apoptosis. The cell strain 2G9 that produces 2G9 
antibodies of the invention was deposited with National 
Institute of Advanced Industrial Science and Technology, 
International Patent Organism Depository (Chuo-6, Higashi 1- 
1-1, Tsukuba City, Ibaraki Pref.), on May 8, 2003, with an 
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accession number of FERM BP-8378. 

The antigen (2G9 antigen) that reacts with 2G9 antibody 
is considered to lose its reactivity with 2G9 antibody by 
treating with SDS . 
5 Table 1 shows the results of base sequence analysis of 

the genes in the variable regions in k- chain and (a- chain, 
respectively, encoding 2G9 antibody. The base sequence of 
the constant region is approximately the same as the base 
sequence of reported genes . 

0 

TABLE 1 

Base Sequence of |a-Chain Variable Region 



Base Sequence of k- Chain Variable Region 

15 

The antibody according to the first aspect, for example 
2G9 antibody, is able to induce apoptosis to HIV-infected 
cells including OM10.1 cells. In other words, this antibody 
is IgM monoclonal antibody capable of specifically inducing 

20 apoptosis to the HIV-infected cells. Since the antibody is 
also able to induce apoptosis to HIV latently infected cells 
such as OM10.1 cells, it can be used as a remedy for 
eliminating HIV latent infection lurking in HIV-infected 
patient's body in which chemotherapeutic agents cannot 

25 exhibit their effects. 



The therapeutic agent of the invention utilized as a 
remedy of HIV-infected patients comprising human IgM 
antibody as an effective ingredient, which induces apoptosis 
to the HIV-infected cells to lead them to destruction by 
specifically reacting with the HIV-infected cells, can be 
obtained by combining the agent with a physiologically 
acceptable carrier. The physiologically acceptable carrier 
is known in the art, and includes physiological buffered 
saline or other aqueous solutions having a buffer action, or 
solvents such as glycols, glycerol oils (for example olive 
oil) or injectable organic esters. The physiologically 
acceptable carrier may include compounds that stabilize IgM 
antibody or enhance absorption thereof. Examples of the 
physiologically acceptable compounds include sugars such as 
glucose, sucrose and dextran; antioxidants such as ascorbic 
acid and glutathione; chelating agents; proteins such as 
albumin; and other stabilizers and excipients. Other 
physiologically active substances such as transcriptase 
inhibitors and protease inhibitors may be further added. 
Any combinations of the physiologically acceptable carriers 
may be selected depending on administration path and disease 
of object. 

Example 1. Specificity of 2G9 antibody 

Reactivity of 2G9 antibody against the HIV-infected 
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cells was analyzed by flow cytometory. U937 cells, MOLT-4 
cells and CEM cells as cultured cell strains were used as 
the cells to be tested. The HIV-infected cells used were 
U937/IIIB prepared by infecting U937 cells with IIIB strain 
5 of HIV-1, U937/orimary isolate infected with primary isolate 
mono strain, U937/MIN infected with MN strain, and MOLT- 
4/IIIB prepared by infecting MOLT-4 with IIIB strain. After 
washing the cells treated with 2G9 antibody, the cells were 
stained with ant i -human IgM antibody labeled with a 

10 fluorescent pigment, and the fluorescence intensity of the 
cells was analyzed by flow cytometory. The results showed 
that, while U937/IIIB, U937/primary isolate, U937/MIN and 
M0LT-4/IIIB of the HIV-infected cells were strongly stained 
with 2G9 antibody, non- infected MOLT-4 cells and CEM cells 

15 were not stained at all. The results of analysis of 

peripheral blood lymphocytes of normal adults and activated 
lymphocytes prepared by cultivating the peripheral blood 
lymphocytes for 3 days after stimulating with phyto- 
hemagglutinin (PHA) showed that these cells do not react 

2 0 with 2G9 antibody at all. Accordingly, it was revealed that, 
while 2G9 antibody specifically reacts with HIV-infected 
cells, the antigen does not react with normal cells (Fig. l) . 
OM10.1 cells are considered to be a HIV latently infected 
cell strain, and usually do not express antibodies against 
25 HIV such as gpl20. However, since 2G9 antibody reacts with 



OM10.1 cells, it was revealed that 2G9 antibody is able to 
react with cells in a latent infection phase (Fig. 2) . 

Example 2. Apoptosis of HIV-infected cells with 2G9 antibody 

M0LT-4/IIIB cells infected with HIV-1 were seeded in 
RPMI164 0 culture medium supplemented with 20% of inactivated 
human serum in a concentration of 5 x 10 5 cells/ml, and the 
cells were cultivated in an incubator containing 5% of 
carbon dioxide at 37 °C for 2 days by adding an equal volume 
of 100 jig/ml 2G9 antibody solution. DNA fragmentation as an 
index of apoptosis was stained by TUNEL method after the 
culture, followed by flow cytometory analysis by fixing the 
cells with 1% paraformaldehyde. As shown in Fig. 3, while 
the cells were not stained when the cells were not treated 
with 2G9 antibody, the cells- were completely stained after 
cultivating in the presence of 2G9 antibody. This result 
indicates that 2G9 antibody has an action for inducing 
apoptosis to infected cells. No such impairing action was 
observed in non- infected MOLT-4 cells (Fig. 3) . 

Example 3. Apoptosis of HIV latently infected cells with 
2G9 antibody 

OM10.1 cells as the latently infected cell strain were 
seeded in a concentration of 1 x 10 5 cells/ml in a cell 
culture medium (RPMI1640 medium) containing 20% of 



inactivated human serum, and an equal volume of a 2G9 
antibody solution in a concentration of 12.5 ng/ml was added 
to the culture followed by cultivation at 37°C for 2 days. 
The cells after the culture were stained with Annexin V as 
an apoptosis detection agent, and the cells were fixed with 
1% paraformaldehyde for analysis by flow cytometory. The 
results in Fig. 4 shows that, while 5.5% of the cells were 
stained when not treated with 2G9 antibody, 21.2% of the 
cells were stained when cultured in the presence of 2G9 
antibody. It was therefore confirmed that 2G9 antibody also 
has an action for inducing apoptosis to OM10.1 cells of HIV- 
latent infection cells. 

Example 4. Reconstruction of antibody by gene engineering 

An example of the method for reconstruction of 2G9 
antibody based on the base sequence of the variable region 
of 2G9 antibody shown in TABLE 1 will be described below, 
wherein 2G9 antibody-producing cell strains were established 
using gene engineering such as a shot-gun ligation method 
(Grundstrom, T. et al . , Nucleic Acid Res. 13, 3305-3316, 
1985) . 

Amino acid sequences of the variable region of 2G9 
antibody were obtained by translating the base sequence in 
the table. There are many base sequences encoding the amino 
acid sequences in the variable region of 2G9 antibody as 
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shown in Table 2 , such as the base sequence of the variable 
region of original 2G9 antibody as well as those obtained by 
changing used codons . Base sequences having certain kinds 
of restriction enzyme recognition fragment were selected 
5 from the sequences for every length capable of chemically 
synthesizing as oligonucleotides (Table 2) . 

TABLE 2 : Examples of cDNA encoding equivalent amino acids 
in the amino acid sequences of 2G9 antibody 

10 

Oligonucleotides were chemically synthesized based on 
the base sequence divided for each restriction enzyme- 
recognition fragment. After sequentially digesting the 
synthesized oligonucleotide with a corresponding restriction 

15 enzyme, a full length of a base sequence encoding the amino 
acid sequence of the 2G9 antibody variable region by 
ligation was obtained. cDNA fragments of the 2G9 antibody 
variable regions of the H- chain and L- chain obtained by the 
same method with each other (named as rV|a2G9 and rVK2H9, 

2 0 respectively) were integrated into vectors having constant 
region gene sequences of H-chain and L-chain of the human 
IgM antibody (C|i and Ck, respectively) by the same method as 
forming chimera antibodies to obtain recombinant 2G9|i-chain 
and K-chain expression plasmids (rVn2G9-C|a and rVK2G9-CK / 

25 respectively; Fig. 5) . 
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Example 5. Expression of recombinant antibody- 
Activities of the antibodies obtained using the 
plasmids expressing the reconstructed 2G9 antibody genes 
5 were investigated with a temporary expression system in COS7 
cells (ATCC CRL 1651) . Genes were introduced using a 
mixture of two plasmids (rV|ii2G9-C^ and rVK2G9-CK) and an 
expression plasmid (Cj) for J-chain of human IgM antibody 
using a lipof ectamine reagent according to the protocol by 

10 GIBCO Co. Cultivation was continued for two days thereafter 
under a usual culture condition, and the supernatant of the 
gene- introduced cell culture was retrieved. Recombinant 2G9 
antibodies secreted in the culture supernatant were 
confirmed by subjecting the culture supernatant to an assay 

15 system by the sandwich ELISA method using antihuman ^i- 
antibody and antihuman K-antibody. The antibodies were 
confirmed to have specificity as described above by FACS 
analysis of the culture supernatant using cells such as 
U937/IIIB and M0LT-4/IIIB prepared by infection of U937 

20 cells and MOLT-4 with I I IB strain of HIV-1. Further, the 
activity of recombinant 2G9 antibody was confirmed by a 
competitive inhibition test by allowing fluorescence- labeled 
original 2G9 antigen and the culture supernatant to 
simultaneously react with U937/IIIB or M0LT-4/IIIB . 

2 5 Consequently, it was confirmed that the base sequences 
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of the ji-chain and K-chain variable regions of 2G9 antibody 
listed in Table 1 are quite important regions responsible 
for anti-HIV activities. 

It was also confirmed from these results that genes 
5 encoding the base sequences of the (a- chain variable region 
and K-chain variable region are quite crucial genes for 
preparing the recombinant anti-HIV antibody. 

Industrial Applicability 
10 2G9 antibody obtained in the invention was recognized 

to have an apoptosis- inducing action against OM10.1 cells of 
the latently infected cells. 2G9 antibody was also 
recognized to have the apoptosis- inducing action against 
infected cells. On the contrary, the antibody did not 
15 impair U937 and MOLT-4 cells as non-infected cells. These 
results show that 2G9 antibody of the invention can be used 
as a remedy for eliminating latent infection lurking in the 
body of infected patients to whom chemotherapy is 
ineffective, since the antibody is able to induce apoptosis 
20 to latently infected cells. The invention also provides 
genes encoding the base sequences of the ^i-chain variable 
region and K-chain variable regions that are quite crucial 
for preparing the recombinant anti-HIV antibody. 



